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1	Introduction
PUSCH enhancements are one of the objectives of the URLLC L1 enhancements work item [1]:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
[bookmark: _Toc415085486][bookmark: _Toc503902285]In this contribution, we discuss further remaining details of option 4 based on the agreements so far (summarized in the appendix). 
2	Remaining RRC Related Details on TDRA and the Number of Repetitions
Quite some agreements had been reached in RAN1#98bis regarding the RRC signalling to enable Rel-16 operation and to dynamically indicate the number of repetitions (for Rel-16 and Rel-15 slot aggregation). However, a few aspects are still missing.
How to enable or disable the dynamic indication of the number of repetitions?
One simple approach is to always include the number of repetitions in the new TDRA tables (pusch-TimeDomainAllocationList-ForDCIformat0_1 and pusch-TimeDomainAllocationList-ForDCIformat0_2).
For Rel-15 transmission scheme (or “PUSCH repetition type A”), to enable the dynamic indication of the number of repetitions, PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x should be configured. To disable the dynamic indication, pusch-TimeDomainAllocationList-ForDCIformat0_x does not need to be configured, and pusch-TimeDomainAllocationList can be used instead, in which case pusch-AggregationFactor indicates the number of repetitions.
[bookmark: _Hlk24073294]For Rel-16 transmission scheme (or “PUSCH repetition type B), PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x needs to be configured. If all the entries in the TDRA table have the same value for the number of repetitions, the dynamic indication is effectively disabled; otherwise the dynamic indication is enabled.
Proposal 1: Enabling and disabling of the dynamic indication of the number of repetitions is achieved by the following:
· The column on the number of repetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x.
· For PUSCH repetition type A, the enabling or disabling of the dynamic indication is by configuring PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x or pusch-TimeDomainAllocationList, respectively.
· For PUSCH repetition type B, PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x is required to be configured. The dynamic indication is effectively disabled by setting all the entries in the table to be the same value.
For timeDomainAllocation in Type 1 CG configuration, which TDRA table should it refer to?
Proposal 2: For Type 1 CG, introduce an RRC parameter to indicate whether timeDomainAllocation indicates an entry of the TDRA table for DCI format 0_1 or 0_2. If not configured, timeDomainAllocation indicates an entry of the TDRA table for DCI format 0_0.
Whether/when repK is still applicable for Type 1 and Type 2 CG (for both Rel-15 slot aggregation and Rel-16 transmission scheme)?
Proposal 3: For Type 1 CG, if the number of repetitions is included in the corresponding TDRA table, the number of repetitions is provided by timeDomainAllocation; otherwise, it is provided by repK.
Proposal 4: For Type 2 CG, the number of repetitions is provided by the activating DCI if it is dynamically indicated in the DCI; otherwise, it is provided by repK.
3	Value of L and TBS determination 
There had been a long discussion on whether there is a need to support L>14. For L>14 symbols, at least 2 repetitions will be needed with the segmentation at the slot boundary (although the nominal number of repetitions could be K=1). With L<=14, using e.g. K=2 should be sufficient for longer overall transmission duration, as this will just lead to one more PUSCH repetition. Therefore, we do not see a strong need to support L>14 symbols. Moreover, in case L<=14 symbols (as in Rel-15), this will simplify the TBS determination discussions as the Rel-15 TBS determination procedure can be directly reused (i.e. L & MCS directly defining the TBS size). 

Proposal 5: L<=14.
Proposal 6: TBS is determined based on L according to Rel-15 mechanism. 

4	Interaction with DL/UL direction 
The DL/UL direction can be indicated by RRC signalling and/or dynamic SFI (via DCI format 2_0). We will call the direction indicated by RRC signalling as semi-static DL/UL/flexible symbols, and the direction indicated by dynamic SFI as dynamic DL/UL/flexible symbols. The UE would always consider semi-static/dynamic UL symbols as available for PUSCH transmission. The interaction discussion in this section focuses on the handling of semi-static DL/flexible symbols and dynamic DL/flexible symbols, and the error case when SFI is configured but not received.

In case dynamic SFI is configured, the remaining options after RAN1#98bis down-selection are discussed here.
Option 1 family from the RAN1#98 conclusion does not depend on dynamic SFI, which means that there are either pre-defined rules or dynamic indication in terms of which semi-static flexible symbols can be used for PUSCH. The main advantage of this option is that the UE does not need to decode dynamic SFI to perform PUSCH transmission, which is beneficial for reliability. However, these options (Options 1-1 and 1-3 for DG, Option 1-2 for CG) also have the associated drawback:
· DG:
· Option 1-1 (applicable to DG only) assumes semi-static flexible symbols are always used for PUSCH. This puts constraint on the operation of dynamic TDD whenever such a PUSCH is scheduled. There are cases where the gNB may still want to use some of these symbols as DL for latency critical traffic. Moreover, the principle of the PUSCH enhancements so far is to allow the transmission to be segmented around invalid symbols, to support the cases where there are DL symbols in between.
· Option 1-3 (applicable to DG only) requires additional overhead in UL grant to indicate which flexible symbols can be used for PUSCH. The overhead would not be negligible if sufficient flexibility is to be provided.
· CG: Option 1-2 (applicable to CG only) assumes all semi-static flexible symbols are not used for PUSCH, which may unnecessarily limit the symbols that can be used and affect reliability.
In contrast, Option 2 family requires the UE to decode dynamic SFI and determine valid symbols based on the dynamic SFI. The main disadvantage is that the correct PUSCH transmission would depend on the successful decoding of dynamic SFI, therefore the reliability may be adversely impacted compared to Option 1 family. The detailed analysis of Options 2-1 and 2-4 is as follows:
· Option 2-1 segments around semi-static DL symbols and dynamic DL/flexible symbols, which allows the UE to use all the dynamic UL symbols for PUSCH.
· One concern that was raised in RAN1#98bis regarding Option 2-1 is the required timeline to apply dynamic SFI to the segmentation. If SFI comes too late, the UE would not be able to use the information to decide the segmentation.  We do not see this as a concern because:
· The gNB should make sure SFI is delivered in time if it wants the UE to use the information.
· In case SFI is not delivered in time, from UE perspective, it basically means that it has not decoded an SFI to be applied to this PUSCH transmission. The UE would follow the behaviour when it has not received an SFI (as discussed below), which needs to be defined properly regardless of whether timeline is satisfied or not.
· Option 2-4: in RAN1#98 conclusion, the descriptions of Option 2-4 for DG and CG are not exactly the same, which is not aligned with the original intention (to have the same options listed for both DG and CG). Given that segmentation around semi-static DL symbol seems to be the common understanding, Option 2-4 should be “Segmentation occurs around semi-static DL symbols. A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol” for both DG and CG. This option could also result in more dropping of repetitions compared to Option 2-1.
Based on the analysis, Option 2-1 makes the most sense among these 4 options of the Option 2 family and is equally applicable to DG and CG.

Now comparing Option 1 family and Option 2-1, it is mainly a tradeoff between reliability (caused by additional dynamic SFI decoding) and dynamic TDD operation flexibility at the gNB.
In our view, Option 2-1 is still considered as sufficiently reliable because:
· The size of the DCI carrying dynamic SFI is no larger than the size of the UL grant DCI. It can be transmitted quite reliably.
· If the PUSCH transmission behaviour in case that dynamic SFI is not successfully decoded is defined in a way that the gNB can still decode properly, the reliability requirement for dynamic SFI would not be that high (e.g. not as low as 1e-5).
· As concluded in RAN1#98, the reasonable behaviour in case dynamic SFI is not successfully decoded is not to transmit a repetition (a nominal repetition in our view, as explained later on) if it conflicts with a semi-static flexible symbol. By doing so, the gNB can use the presence of the DMRS to determine whether a repetition is transmitted or not, which in turn implies whether dynamic SFI has been decoded or not and the corresponding UE behaviour. Even if the UE does not transmit a repetition due to the missed dynamic SFI, there may still be other repetitions transmitted that can be used for decoding.
Therefore, our preference is to adopt Option 2-1 to still allow sufficient flexibility in dynamic TDD operation (which is the whole purpose of dynamic SFI). Note that the discussions above apply equally to DG and CG unless mentioned otherwise.
Proposal 7: For both DG and CG, if dynamic SFI is configured, adopt Option 2-1 (“Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols”).
Note that since we propose to adopt the same behaviour for DG and CG, it automatically means that the same behaviour would also be used for the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant.
Error case when dynamic SFI is configured but not received
In case dynamic SFI is configured but not received, even though the behaviour was agreed to be that “A repetition is not transmitted if it conflicts with a semi-static flexible symbol”, there is still a remaining question of what “repetition” means here. The UE can potentially do one of the following: (1) the nominal repetition is not transmitted; (2) the nominal repetition is segmented around the semi-static flexible symbols into multiple repetitions, and the dropping is done based on the repetition after segmentation. However, the 2nd type of behaviour would cause difficulty for the gNB to distinguish whether the UE has received SFI or not (which in turn may result in wrong assumptions on the symbols used for PUSCH and cause problem for PUSCH decoding), because the gNB cannot rely on the DMRS detection at the beginning alone any more to distinguish the two PUSCH hypothesis. On the other hand, if the repetition is not transmitted when SFI is not received, the gNB can use the presence of the DMRS at the beginning to determine the UE behaviour. Therefore, we propose:
Proposal 8: If SFI is configured but not received, in case of conflict with semi-static flexible symbols, a nominal repetition is not transmitted.

Reserved symbols?
There have been proposals to support semi-statically configured reserved symbols that should not be used for Rel-16 PUSCH transmissions. This can be used to avoid conflict with e.g. semi-statically configured PUCCH and/or SRS transmissions from the same or different UE in the last one or two symbols in a slot, which is a desirable feature for the network operation.
In terms of how to signal the reserved symbols, one way is to use a similar approach as the time domain resource indication in the PDSCH rate matching pattern. For example, the signalling could include a periodicity and a bitmap with symbol granularity for a duration (up to the periodicity).
Proposal 9: Introduce RRC signalling to configure the reserved symbols that are not used for Rel-16 PUSCH transmissions. In this case, the reserved symbols are treated in the same way as semi-static DL symbols for both DG and CG. FFS signalling details.

Details of DMRS handling in repetition segmentation
RAN1 discussed but could not agree on the segmentation operation details applicable to option 4. The following proposal is noted in the chairman’s notes but could not be agreed during RAN1#96bis: 
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)
We have already agreed PUSCH mapping type A is not supported. To keep the specification & operation simple we suggest including a front-loaded DM-RS at the start of each transmission segment but do not include any further DM-RS in each transmission segment. 
Proposal 10: When one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, only a single DMRS symbol is transmitted at the beginning of each repetition.
5	Handling of orphan symbols
With Proposal 7 above, an orphan symbol basically refers to an actual repetition after segmentation that has a single symbol available for the segment transmission. Transmitting a PUSCH repetition on a single symbol does not make sense for DFT-s-OFDM based transmission because the symbol would be DMRS only, and it is very inefficient for CP-OFDM based transmission from overhead perspective. Therefore, it is proposed:
Proposal 11: In case a repetition after segmentation has a single symbol, the repetition is not transmitted.
6	Frequency hopping
Mainly there are 3 types of frequency hopping that had been discussed:
· Intra-PUSCH-repetition FH
· Inter-PUSCH-repetition FH
· Inter-slot FH
As discussed in more detail in our earlier contribution [2], intra-PUSCH-repetition FH could result in too much DMRS overhead, especially when the duration of each repetition is not too long. In addition, if additional frequency diversity is needed, it can be achieved via inter-PUSCH-repetition FH by indicating a larger repetition number. Therefore, we do not see the need to support intra-PUSCH-repetition FH.
It is beneficial to support inter-PUSCH-repetition in the sense that frequency diversity can already be achieved with the first two repetitions. There is a question of whether the repetition here should refer to the nominal repetition or actual repetition (a segment of a nominal repetition). The two approaches would result in a difference only if one nominal repetition is segmented into more than one actual repetition, and which one leads to a more balanced resource allocation on different hops depends on the actual resource allocation and the DL/UL configuration. However, using nominal repetitions for FH would have less resource fragmentation, which is desirable.
Inter-slot FH hopping can simply reuse the Rel-15 principle, and it results in less resource fragmentation within a slot which is advantageous for gNB resource management.
Proposal 12: Support inter-PUSCH-nominal-repetition and inter-slot frequency hopping.
There are also open issues on how to determine frequency hopping for Type 1 and Type 2 CG.
Proposal 13: For Type 1 CG with Rel-16 transmission scheme, introduce a new RRC parameter frequencyHopping-r16 per CG configuration to indicate the frequency hopping scheme, and reuse frequencyHoppingOffset to determine the frequency locations.
For Type 2 CG, it has been agreed that the transmission scheme follows the activating DCI. As the transmission scheme impacts the frequency hopping scheme, it makes sense for the frequency hopping scheme to also follow the activating DCI.  The frequency hopping offset can also follow the activating DCI, same as in Rel-15.
Proposal 14: For Type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
· Note that the determination of the frequency hopping scheme in case of Rel-15 transmission scheme is different from the behaviour in Rel-15 (where frequencyHopping in configuredGrantConfig is applied).
[bookmark: _Hlk24076291]7	RV
RV cycling, as what is typically done, seems to be the common understanding among companies. However, exactly how RV cycling should be applied to PUSCH repetitions is still to be decided, and the open issues include e.g. where RV0 should start, whether RV cycling is done across nominal repetitions or actual repetitions, etc.
Two most obvious choices for the repetition to start RV0 is either the first repetition or the longest repetition (based on the number of available symbols). Starting RV0 from the longest repetition would make sense from decoding performance point of view. However, there may be ambiguity on which one is the longest repetition if SFI is configured but not received. To avoid the ambiguity, the decision would need to be made based on the number of the semi-static UL symbols only, which may not reflect well whether this is the longest repetition or not (especially if the network configures a lot of semi-static flexible symbols). Given the uncertainty on whether this approach actually improves the performance, we would suggest adopting the simpler approach and start RV0 on the first repetition. If this is not considered sufficient, another option is to have the RV sequence directly configured.
Regarding whether RV cycling is done across nominal repetitions or actual repetitions, the difference occurs when one nominal repetition is split into two (or more) actual repetitions. It is unclear which one would provide better decoding performance, because using different RVs for the multiple actual repetitions for a nominal repetition may provide better IR gain, but using the same RV may provide a more balanced number of bits among different RVs. However, using different RVs has ambiguity issue when SFI is configured but not received, in which case the gNB and the UE may have different assumptions on the RV sequence and the decoding cannot occur properly. Therefore, cycling across nominal repetitions should be used. It would make sense to skip the repetition that is not transmitted due to no available UL symbols based on semi-static slot configuration but not for the case when SFI is not received for flexible symbols.
Proposal 15: For dynamic grant, the first nominal repetition uses the RV indicated in the DCI, and RV cycling is done across nominal repetitions using the RV sequence of {0, 2, 3, 1}, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling. In case of segmentation, all the segments of a nominal repetition use the same RV.
Proposal 16: For configured grant, RV cycling is done across nominal repetition following the sequence in repK-RV, starting from the first nominal repetition, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling. In case of segmentation, all the segments of a nominal repetition use the same RV.
8	Handling of DL/UL switching gap
Some companies had been discussed whether explicit handling of gap should be specified. Theoretically speaking, this should not be necessary, because the gNB can always ensure the existence of the DL/UL switching gap by implementation (i.e. by not scheduling any DL transmission in the symbols to be served as gap). However, in a typical gNB implementation so far, the gap is handled using flexible symbols. If the gNB needs to change the handling of the gap due to the introduction of the Rel-16 PUSCH feature, this significantly increases the gNB implementation complexity, which should be avoided. Note that special handling would only be necessary if semi-static flexible symbols are used for transmission (e.g. if dynamic SFI is not configured, or Option 1-1 for DG if dynamic SFI is configured), because otherwise the gap is already handled by semi-static/dynamic flexible symbols.
Even though there is no agreement on which option to use if dynamic SFI is configured, the behaviour for the case when dynamic SFI is not configured is already agreed. To avoid the change in gNB implementation for such a case, a configurable parameter can be introduced to indicate a value Y, in unit of symbols, indicating Y semi-static flexible symbols immediately following semi-static DL symbol should not be used for Rel-16 PUSCH transmission. 
Proposal 17: Introduce an RRC parameter that configures a value Y in unit of symbols, indicating that Y semi-static flexible symbols immediately following semi-static DL symbols should not be used for Rel-16 PUSCH transmission. If not configured, Y=0 is assumed.
[bookmark: _GoBack]9	Conclusions
In this contribution, we proposed the following regarding the remaining details of the agreed Option 4 for the needed PUSCH enhancements:
Proposal 1: Enabling and disabling of the dynamic indication of the number of repetitions is achieved by the following:
· The column on the number of repetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x.
· For PUSCH repetition type A, the enabling or disabling of the dynamic indication is by configuring PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x or pusch-TimeDomainAllocationList, respectively.
· For PUSCH repetition type B, PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_x is required to be configured. The dynamic indication is effectively disabled by setting all the entries in the table to be the same value.
Proposal 2: For Type 1 CG, introduce an RRC parameter to indicate whether timeDomainAllocation indicates an entry of the TDRA table for DCI format 0_1 or 0_2. If not configured, timeDomainAllocation indicates an entry of the TDRA table for DCI format 0_0.
Proposal 3: For Type 1 CG, if the number of repetitions is included in the corresponding TDRA table, the number of repetitions is provided by timeDomainAllocation; otherwise, it is provided by repK.
Proposal 4: For Type 2 CG, the number of repetitions is provided by the activating DCI if it is dynamically indicated in the DCI; otherwise, it is provided by repK.
Proposal 5: L<=14.
Proposal 6: TBS is determined based on L according to Rel-15 mechanism. 
Proposal 7: For both DG and CG, if dynamic SFI is configured, adopt Option 2-1 (“Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols”).
Proposal 8: If SFI is configured but not received, in case of conflict with semi-static flexible symbols, a nominal repetition is not transmitted.
Proposal 9: Introduce RRC signalling to configure the reserved symbols that are not used for Rel-16 PUSCH transmissions. In this case, the reserved symbols are treated in the same way as semi-static DL symbols for both DG and CG. FFS signalling details.
Proposal 10: When one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, only a single DMRS symbol is transmitted at the beginning of each repetition.
Proposal 11: In case a repetition after segmentation has a single symbol, the repetition is not transmitted.
Proposal 12: Support inter-PUSCH-nominal-repetition and inter-slot frequency hopping.
Proposal 13: For Type 1 CG with Rel-16 transmission scheme, introduce a new RRC parameter frequencyHopping-r16 per CG configuration to indicate the frequency hopping scheme, and reuse frequencyHoppingOffset to determine the frequency locations.
Proposal 14: For Type 2 CG, the frequency hopping scheme and the frequency hopping offset follow the activating DCI (same as the transmission scheme).
· Note that the determination of the frequency hopping scheme in case of Rel-15 transmission scheme is different from the behaviour in Rel-15 (where frequencyHopping in configuredGrantConfig is applied).
Proposal 15: For dynamic grant, the first nominal repetition uses the RV indicated in the DCI, and RV cycling is done across nominal repetitions using the RV sequence of {0, 2, 3, 1}, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling. In case of segmentation, all the segments of a nominal repetition use the same RV.
Proposal 16: For configured grant, RV cycling is done across nominal repetition following the sequence in repK-RV, starting from the first nominal repetition, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling. In case of segmentation, all the segments of a nominal repetition use the same RV.
Proposal 17: Introduce an RRC parameter that configures a value Y in unit of symbols, indicating that Y semi-static flexible symbols immediately following semi-static DL symbols should not be used for Rel-16 PUSCH transmission. If not configured, Y=0 is assumed.
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Appendix: Summary of agreements related to Rel-16 PUSCH transmission scheme (i.e. Option 4)
Description of Option 4 from TR 38.824:
[bookmark: OLE_LINK15]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. It further consists of:
· 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.

Agreements: (RAN1#96bis)
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: (RAN1#96bis)
For both option 4 and 6, frequency hopping is supported
· FFS details

Agreements: (RAN1#97)
· 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

Agreements: (RAN1#98 Prague)

In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:
· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.
· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)
· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details

Conclusion: (RAN1#98 Prague)
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· 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 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· 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.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· [bookmark: _Hlk20955125]Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3 from DG is not applicable for CG.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)
· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded

Agreements: (RAN1#98bis Chongqing)
· Do not support PUSCH mapping type A for Option 4.

Agreements: (RAN1#98bis Chongqing)
· 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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
· 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: (RAN1#98bis Chongqing)
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.

Agreements: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
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: (RAN1#98bis Chongqing)
· 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

