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1 [bookmark: _Ref521334010]Introduction
The URLLC work item was approved in RAN#83 [1]. PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH is one of the objectives in the WID noted as:
Detailed objectives of the work item are the following:
· …
· 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
· …
The work in this item shall follow the agreements made during the study item.
In this contribution, PUSCH enhancement discussion is provided based on agreements at RAN1#98 [2].
2 Discussions
2.1 Interaction with semi-static and dynamic slot format configuration 
Following agreements were made in RAN1#98 meeting on the interpretation of L*K:
	Agreements:
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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The selection of the two alternatives is a tradeoff between latency and reliability. For Alt 1, the PUSCH transmission is restricted within L*K symbols while the actual number of symbols for PUSCH transmission could be less due to invalid symbols. For Alt 2, the time window for PUSCH transmission is extended to ensure the reliability but the latency is increased accordingly. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]It was argued that the reliability issue of Alt 1 can be resolved by allocating larger L*K taking invalid symbols into account. It is feasible for dynamic PUSCH but not feasible for configured grant PUSCH since the periodicity of configured grant PUSCH transmission is highly likely to be different from the periodicity of UL-DL configuration leading to different numbers of invalid symbols for different configured grant PUSCH periodicities. However, the latency issue of Alt 2 can be simply resolved by defining a maximum time window for configured grant PUSCH.
Observation 1: For the two alternatives for interpretation of L and K, Alt 1 cannot ensure the reliability for configured grant PUSCH while Alt 2 can ensure both reliability and latency by defining a maximum time window.
Some companies raised the issue of DMRS misalignment for Alt 2 due to postponing. In fact it is not a problem since the same splitting and postponing behavior is applied to all the UEs sharing the same time-frequency resources when conflicting with invalid symbols. gNB can take the potential postponing into account when allocating the time-frequency resources so that the alignment of DMRS will not be impacted due to postponing.  
For Alt 2, it was agreed that PUSCH time window is extended at least for semi-static DL symbols and FFS other symbols. We give our analysis as follows. 
· Dynamic DL symbols
PUSCH time window should not be extended based on dynamic slot configuration to avoid misalignment between gNB and UE in case of SFI miss detection.
· Semi-static flexible symbols
If PUSCH time window is extended in case of semi-static flexible symbols, it means that all the semi-static flexible symbols are not used for PUSCH transmission which significantly increase the PUSCH latency and may also reduce the PUSCH reliability if PUSCH is postponed beyond the maximum time window. Hence PUSCH time window should not be extended in case of semi-static flexible symbols.
· Reserved symbols (if defined)
Reserved symbols were proposed to avoid collision with other UE’s PUCCH/SRS etc. and/or guard period (GP). The former should be discussed under inter-UE multiplexing agenda item. For handling of GP, we think the issue is mainly for the case when dynamic SFI is not configured. In case dynamic SFI is configured, gNB can reserve the GP by indicating symbols for GP as dynamic flexible symbols. In case dynamic SFI is not configured, instead of defining reserved symbols, gNB can configure the symbols for GP as semi-static DL symbols via e.g. tdd-UL-DL-ConfigDedicated. Furthermore, we can define the UE behavior that UE does not receive any DL signals during a number of symbols required for Rx-to-Tx transition before PUSCH transmission.
· SSB symbols and Type-0 CSS in CORESET#0 (as indicated by MIB)
SSB symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, and type-0 CSS symbols indicated by pdcch-ConfigSIB1 in MIB are never used as UL symbols so they are not available for PUSCH transmission for all the UEs.  In case dynamic SFI is configured, gNB can indicate SSB symbols and type-0 CSS symbols as dynamic downlink or flexible symbols. In case dynamic SFI is not configured, gNB can configure SSB symbols and type-0 CSS symbols as semi-static DL symbols via e.g. tdd-UL-DL-ConfigDedicated.
Based on above analysis, we have the following proposals.
Proposal 1: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended in case of semi-static DL symbols only.
Proposal 2: For CG PUSCH, a maximum time window can be configured and PUSCH transmission exceeding the maximum time window is dropped.
For interaction of enhanced PUSCH with DL/UL directions, following conclusion was achieved in RAN1#98 meeting:
	Conclusion:
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 
· 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



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. Moreover, according to previous discussion and proposal 1, it is proposed that segmentation and postponing occur around semi-static DL symbols. 
· If dynamic SFI is configured, there are 2 options independent and dependent on SFI if received respectively: 
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]For option 1, the UE behaviour is not dependent on SFI and all of the semi-static flexible symbols or a set of semi-static flexible symbols are not used for PUSCH transmission for option 1-2 and 1-4 respectively even if these symbols are indicated as dynamic UL symbols. Option 1 unnecessarily decreases the reliability by skipping the symbols which can be used for PUSCH transmission.
· For option 2, the UE behaviour is dependent on SFI. 
· If SFI is configured and received, as proposed in proposal 1, segmentation and postponing occurs around semi-static DL symbols. The difference between option 2-1 and option 2-4 is that segmentation occurs around dynamic DL/flexible symbols for option 2-1 while the whole repetition is dropped for option 2-4 if colliding with DL/flexible symbols. Note that PUSCH is not postponed due to segmentation around dynamic DL/flexible symbols to avoid misalignment between gNB and UE when SFI is missed. In order to utilize the UL symbols as much as possible, option 2-1 is preferred. 
· If SFI is configured but not received, segmentation and postponing occurs around semi-static DL symbols. In addition, further segmentation around semi-static flexible symbols can be applied, or the whole repetition is dropped if colliding with semi-static flexible symbol(s). The former approach drops semi-static flexible symbols only which utilize semi-static UL symbols more efficiently. However, gNB needs to blindly detect two PUSCH patterns assuming SFI is received and SFI is missed respectively.  Moreover, DMRS misalignment may occur in this case due to different PUSCH segmentations as shown in Figure 1. Therefore, it is proposed that no further segmentation around semi-static flexible symbols is applied. 


[bookmark: _Ref20663339]Figure 1: Issues caused by further segmentation around semi-static flexible symbols when SFI missed
It is proposed that the interaction of CG PUSCH with DL/UL directions discussed above is also applied to DG PUSCH and the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant to have a unified solution which is beneficial in terms of UE complexity. 
In Rel-15, the first repetition of dynamic PUSCH and the first PUSCH of type 2 CG PUSCH are not expected to conflict with semi-static DL symbols while other PUSCHs may conflict with semi-static and dynamic DL symbols. For PUSCH enhancement, if following Rel-15 rules, the scheduling flexibility is limited and the latency may be increased. As an example shown in Figure 2, if gNB wants to schedules a dynamic PUSCH with “L=7, K=2”, it has to wait until the UL symbol after the DL and GP symbols which increases the latency. The same handling as other PUSCH can be applied to the first repetition of dynamic PUSCH and the first PUSCH of type 2 CG PUSCH.




[bookmark: _Ref20491382]Figure 2: latency is increased if semi-static DL symbol conflict not expected
Proposal 3: In Rel-16, the first repetition of dynamic PUSCH and the first PUSCH of type 2 CG PUSCH is allowed to be scheduled in semi-static DL symbols.
Our proposal on how to handle the interaction of enhanced PUSCH with DL/UL directions is given in proposal 4 and illustrated in Figure 3.




[bookmark: _Ref20491429]Figure 3: Interaction of enhanced PUSCH with DL/UL directions
Proposal 4: For dynamic and CG PUSCH, the interaction with DL/UL directions is as follow.
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· If dynamic SFI is configured, 
· In case SFI is configured and received, 
· Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· Segmentation occurs around dynamic DL/flexible symbols. PUSCH time window is not extended in case of dynamic DL/flexible symbols.
· In case SFI is configured and not received,
· Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· A repetition is dropped if it conflicts with a semi-static flexible symbol.
2.2 Dynamic indication of number of repetitions
As agreed in RAN1 #96bis, for option 4, dynamic indication of the nominal number of repetitions in the DCI is supported for grant-based PUSCH and it can be enabled or disabled by the gNB. If dynamic indication is enabled, there are two alternatives to indicate the nominal number of repetitions to UE in DCI.
· Alt 1: A separate DCI field is used to indicate the nominal number of repetitions. 
· Alt 2: The nominal number of repetitions is implicitly indicated by TDRA field in DCI. 
For Alt 1, the set of nominal number of repetitions is predefined or preconfigured. A separate DCI field is used to indicate one of the nominal numbers of repetitions from the set. For example, if the nominal number of repetitions of {1, 2, 3, 4, 5, 6, 7, 8} are supported, 3 bits are needed for the nominal number of repetitions indication field. 
For Alt 2, for each entry in the TDRA table, in addition to K and SLIV, nominal number of repetitions is also configured. For the same K and SLIV, multiple entries may be configured for different nominal numbers of repetitions.
For Alt 1, since the TDRA and nominal number of repetitions are separately indicated, for each TDRA entry, gNB can dynamically indicate any nominal number of repetitions, i.e. any combination of nominal number of repetitions and TDRA entry is supported. Alt 2 can exclude some combinations of nominal number of repetitions and TDRA entry which may or may not reduce the DCI overhead. However, Alt 2 requires higher RRC signaling overhead since same TDRA configurations need to be repeated for different K values. Therefore, considering the limited potential benefit of DCI overhead reduction and higher RRC overhead, Alt 1 is preferred. Dynamic indication can be disabled by setting the repetition number set with only one value or not configuring the repetition number set. If the repetition number set is not configured, the repetition number is default as 1. If only one value is configured in the set, the repetition number is the configured value. 
Proposal 5: A separate DCI field is used to indicate the nominal number of repetitions.  
For type 2 CG PUSCH, resource allocation is indicated by activation DCI and will be valid for a period of time. Considering that K may be adjusted along with L based on reliability and latency requirement, K can be indicated in activation DCI similar to dynamic PUSCH.
Proposal 6: The number of repetitions for CG PUSCH is indicated by activation DCI.
2.3 Frequency hopping
PUSCH for URLLC is expected to occupy relatively large number of RBs so as to reduce the latency. So the additional diversity gain from more than 2 frequency hopping bands may be limited. Moreover, too many hopping bands may result in fragmented spectrum, which will impact system performance. Therefore, it is proposed that the number of hopping bands is limited to 2.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 7: The number of frequency hopping bands is no more than 2.
In Rel-15, inter-slot hopping and intra-slot hopping are supported. Similarly, inter-PUSCH-repetition hopping and intra-PUSCH-repetition hopping can be considered for PUSCH enhancement. For example, inter-PUSCH-repetition hopping can be applied to mini-slot repetition and intra-PUSCH-repetition can be applied to multi-segmentation transmission. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If inter-PUSCH-repetition hopping point determination is based on actual PUSCH transmission, the number of symbols on different hopping bands may be quite imbalanced. For example as in Figure 4-(a), when a nominal repetition goes across slot boundary and the nominal repetition is split into two PUSCH repetitions, there will be only 2 symbol PUSCH transmission on band 2. Therefore, it’s better to determine hopping point based on nominal repetition, as shown in Figure 4-(b). 


(a) inter repetition hopping based on actual repetition


(b) inter repetition hopping based on nominal repetition
[bookmark: _Ref16585201]Figure 4: inter-PUSCH-repetition hopping
For K=1, inter-PUSCH-repetition hopping cannot work assuming frequency hopping is based on nominal repetition. Intra-PUSCH-repetition hopping can be used to achieve diversity gain if PUSCH length L is long. For example, a predefined L’ can be used to determine whether to use intra-PUSCH-repetition hopping. If K=1 and PUSCH length L is larger than L’, intra-PUSCH-repetition hopping is used; otherwise if K=1 and PUSCH length L is not larger than L’, intra-PUSCH-repetition hopping is not used. Similarly, hopping point is based on nominal repetition. 
Proposal 8: Inter-PUSCH-repetition hopping and intra-PUSCH-repetition hopping can be supported. Hopping point is determined based on nominal repetition. 
Frequency hopping based on PUSCH repetition may have conflict with frequency hopping based on slot, e.g. Figure 5. Therefore, it is proposed not to enable slot based hopping and PUSCH repetition based hopping simultaneously. Only inter-PUSCH-repetition hopping and intra-PUSCH-repetition hopping are applied to Rel-16 enhanced PUSCH transmission.



[bookmark: _Ref16607839]Figure 5: repetition based hopping and slot based hopping pattern, L=7, K=4
2.4 Issues caused by splitting
2.4.1 RV determination
PUSCH durations of different repetitions may be quite different due to the slot boundary or DL/UL switching point. In this case, RV determination method in Rel.15 may be not optimal anymore. For example, some RV may be associated with a quite short repetition, which will degrade the decoding performance. We think the RV determination should take the repetition length into account.
For the PUSCH repetitions from splitting, the RV determination for could have the following three alternatives:
· Alt 1: (mod(n+1, 4)-1)-th value of RV sequence,
· Alt 2: RV0 for the longest PUSCH repetition,
· Alt 3: rate matching according to “nominal” repetition.
Alternative 3 means a RV is applied to a “nominal” repetition and the coded bits are mapped to the repetitions from splitting contiguously.
In some cases, the performance of alternative 1 and 2 may be bad due to less number of systematic bits. For example, the repetition number K is 1 and the “nominal” repetition with duration of 7 symbols is split into two repetitions with 4 symbols and 3 symbols respectively, as shown in Figure 6. When the number of symbols in the two actual PUSCH repetitions which are split from a “nominal” repetition is very small compared with “nominal” repetition duration, the decoding performance may be negatively impacted. The repetition may not have enough systematic bits for self-decoding. Even if the systematic bits are not lost, the PUSCH transmission performance may be worse compared with alternative 3 as shown in Figure 7. In this case, alternative 3 could outperform alternative 1, 2 about 0.5dB or more. The simulation parameters are given in the Appendix. 


[bookmark: _Ref16878665]Figure 6: One example of PUSCH repetitions from splitting
[image: ]
[bookmark: _Ref16878738]Figure 7: Simulation results of three alternatives of RV determination
Proposal 9: Same RV value should be applied to multiple repetitions split from a “nominal” repetition.
2.4.2 TBS determination
For TBS determination, 3 options can be considered.
· Option 1: TBS is determined based on one repetition only, e.g. the first repetition, the longest repetition or the shortest repetition 
· Option 2: TBS is determined based on all of the repetitions
· Option 3: TBS is determined based on the “nominal” repetition
For option 1, there may be mismatch regarding base graph which may degrade the decoding performance.
For option 2, the self-decodable ability in each individual repetition may be affected, which will affect early decoding and then cause additional latency. 
Option 3 is preferred as a trade-off between option 1 and option 3.
Proposal 10: TBS determination should be based on the duration of a “nominal” repetition, i.e. L.
2.4.3 DMRS position determination
For option 4, when one nominal repetition goes across slot boundary or UL/DL switching point, the nominal repetition is split into multiple actual repetitions. In this case, DMRS determination should be discussed. 

PUSCH mapping type:
PUSCH starting symbol is limited to symbol #0 for PUSCH mapping type A while the starting symbol can be any symbol for PUSCH mapping type B. For PUSCH enhancements, the main motivation is to support cross slot boundary transmission, PUSCH starting from symbol #0 is not the target scenario. In addition, PUSCH mapping type A is not applicable to PUSCH repetition after splitting which does not start from symbol #0. Therefore, PUSCH mapping type A should not be applied.
Proposal 11: PUSCH mapping type A is not applied for URLLC PUSCH enhancement.

2-symbol DMRS:
There may be several issues if 2-symbol DMRS is used for PUSCH enhancement: 
· 2-symbol DMRS can only be used for PUSCH longer than 4 symbols. It is possible that the actual PUSCH repetition after splitting is equal to or shorter than 4 symbols and 2-symbol DMRS cannot be transmitted in this case. 
· There may be more orphan symbols compared with 1-symbol DMRS. 
· It is possible that the repetition is split in the middle of the two symbol DMRS.
The main advantage for double-symbol DMRS configuration is to support more antenna ports for high rank MU-MIMO transmission cases which is not necessary for URLLC. Therefore, it is proposed to not consider 2-symbol DMRS for PUSCH enhancement.
Proposal 12: It is proposed to not consider 2-symbol DMRS for PUSCH enhancement.
DMRS position determination for additional DMRS configured case:
Three alternatives can be considered for additional DMRS configured case. 
· Alt 1: DMRS is transmitted only at the beginning of each segmented repetition (the same as the handling for front-loaded DMRS only case).
· Alt 2: DMRS is transmitted based on actual repetition length and dmrs-AdditionalPosition.
· Alt 3: DMRS is transmitted based on nominal repetition length in addition to the beginning of each segmented repetition.

DMRS misalignment issue needs to be considered to determine which alternative to adopt. In the following example, TDD frame structure is DSUUD (D:GP:U=10:2:2 for S slot) and CG periodicity is 4 slots. Resource allocation of PUSCH 1 is “L=3, K=3, front-loaded only DMRS” and PUSCH 2 is “L=9, K=1, dmrs-AdditionalPosition =pos2”. Then the transmission of the PUSCHs is shown in Figure 8.

 
[bookmark: _Ref20492889]Figure 8:Example of three alternatives for DMRS position determination
According to Figure 8, Alt 1 and Alt 2 may cause DMRS misalignment issues while Alt 3 can avoid it at the cost of higher DMRS overhead. If DMRS alignment is not considered, Alt 2 is preferred, otherwise Alt 3 is preferred.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 13: For additional DMRS configured case: If DMRS alignment issue is not considered, DMRS is transmitted based on actual repetition length and dmrs-AdditionalPosition. Otherwise, DMRS is transmitted based on nominal repetition length in addition to the beginning of each segmented repetition.
3 Conclusion
This contribution discussed option 4 design and following proposals are proposed.
Observation 1: For the two alternatives for interpretation of L and K, Alt 1 cannot ensure the reliability for configured grant PUSCH while Alt 2 can ensure both reliability and latency by defining a maximum time window.
Proposal 1: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended in case of semi-static DL symbols only.
Proposal 2: For CG PUSCH, a maximum time window can be configured and PUSCH transmission exceeding the maximum time window is dropped.
Proposal 3: In Rel-16, the first repetition of dynamic PUSCH and the first PUSCH of type 2 CG PUSCH is allowed to be scheduled in semi-static DL symbols.
Proposal 4: For dynamic and CG PUSCH, the interaction with DL/UL directions is as follow.
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· If dynamic SFI is configured, 
· In case SFI is configured and received, 
· Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· Segmentation occurs around dynamic DL/flexible symbols. PUSCH time window is not extended in case of dynamic DL/flexible symbols.
· In case SFI is configured and not received,
· Segmentation occurs around semi-static DL symbols. PUSCH time window is extended in case of semi-static DL symbols.
· A repetition is dropped if it conflicts with a semi-static flexible symbol.
Proposal 5: A separate DCI field is used to indicate the nominal number of repetitions.  
Proposal 6: The number of repetitions for CG PUSCH is indicated by activation DCI.
Proposal 7: The number of frequency hopping bands is no more than 2.
Proposal 8: Inter-PUSCH-repetition hopping and intra-PUSCH-repetition hopping can be supported. Hopping point is determined based on nominal repetition. 
Proposal 9: Same RV value should be applied to multiple repetitions split from a “nominal” repetition.
Proposal 10: TBS determination should be based on the duration of a “nominal” repetition, i.e. L.
Proposal 11: PUSCH mapping type A is not applied for URLLC PUSCH enhancement.
Proposal 12: It is proposed to not consider 2-symbol DMRS for PUSCH enhancement.
Proposal 13: For additional DMRS configured case: If DMRS alignment issue is not considered, DMRS is transmitted based on actual repetition length and dmrs-AdditionalPosition. Otherwise, DMRS is transmitted based on nominal repetition length in addition to the beginning of each segmented repetition.
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5 Appendix:
Table 1 Simulation assumptions for PUSCH transmission
	Parameter
	Values

	Carrier frequency
	4 GHz 

	Numerology
	30 KHz, normal CP

	Channel
	TDL-C, DS = 300ns

	Waveform
	CP-OFDM

	System bandwidth
	20MHz

	Allocated bandwidth
	16 PRBs

	PUSCH duration 
	7 symbols

	Number of UEs 
	1

	DMRS configuration type
	1

	Antenna configuration
	1Tx, 4 Rx

	UE speed
	3km/h

	DMRS position
	1st OS

	TBS
	640bits payload + 16bits CRC

	MCS for “nominal”
	MCS index 10
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