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Introduction
A work item on physical layer enhancements for NR URLLC was approved [1]. One of objectives of this work item is specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH, which includes
· 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
In this document, we provide our view on PUSCH enhancement for URLLC. The agreements related to these topics made in previous RAN1 meetings are summarized in Appendix.
This document is update of R1-1910521 [2].
Discussion
Interaction of PUSCH with UL/DL direction
In the previous meetings, a number of use cases were discussed and listed for interaction between PUSCH and UL/DL direction switching within a slot. One of the key high level case is how to handle the interaction when dynamic SFI is configured for dynamic grant and configured grant other than first type 2 PUSCH activated by UL grant. In our view, the dependency of segmentation on SFI PDCCH should be minimized for both the dynamic grant and configured grant other than type 2 PUSCH activated by UL grant. Therefore, we propose to support Option 1 from the conclusion in the previous meetings (RAN1#98 and RAN1#98bis). This would mean to support Option 1-1 or Option 1-3 for dynamic grant and Option 1-2 for configured grant.
Proposal 1: For Rel.16 PUSCH transmission scheme, for DG PUSCH, if dynamic SF is configured, behaviour not dependent on dynamic SFI is supported.

Interaction of PUSCH with higher priority UL and/or transient time
The unavailability of UL symbols within a slot due to allocation to other higher priority UL signal/channels and transient time should also be considered. HARQ-ACK of short PUCCH for high priority PDSCH like URLLC and the other URLLC PUSCH transmission are examples of higher priority UL signal/channels. Periodic SRS/CSI report would not be higher priority but would not be possible to cancel at least Rel.15 UEs and UEs not supporting UL cancellation functions. The key difference between the interaction of PUSCH with higher priority UL signal/channels and the interaction of PUSCH with UL/DL direction is that the given UE for which the repetitions are scheduled is unaware about unavailability of UL symbols due to any of the above reasons. Therefore, the UE cannot simply do segmentation as for the case of the interaction of PUSCH with UL/DL direction.
In order to solve this issue, dynamic indication in UL grant to indicate invalid symbols that are not available for transmission for the indicated UE should be supported. This is captured as “the dynamic indicated invalid symbols” in Option 1-3 for the interaction of PUSCH with UL/DL direction. This invalid symbol indication does not need to limit only for flexible symbol but also applicable for UL symbol. One possible solution for dynamic indication of invalid symbols could be to enhance the TDRA table to include another SLIV in addition to the existing SLIV which is used for determination the time domain resources for first transmission. The function of this additional SLIV will be to indicate time-domain resources that are unavailable and could collide with one or more of the repetitions. In this case, the UE is indicated about such collision dynamically and therefore it can possibly perform segmentation around invalid symbol . As example of such enhanced TDRA is shown in Table 1.

Table 1: Example of enhanced TDRA table with additional SLIV for indicating colliding resources
	DCI index
	PDSCH mapping type
	K2 
	S, L
	S’, L’

	0
	B
	1
	0,3
	5,1

	1
	B
	1
	0,5
	-



Proposal 2: For Rel.16 PUSCH transmission scheme, dynamic indication in UL grant to indicate invalid flexible/UL symbols that are not available for transmission for the indicated UE is supported. The dynamic indication of invalid flexible/UL symbols can be the enhancement of the TDRA table to indicate at least one additional SLIV.

Orphan symbols and short length of actual PUSCH repetitions
As discussed in the above scenarios, due to segmentation, the actual length of segments (actual repetitions) might be different than what was nominally indicated and possibly quite short. There are mainly two issues with quire short lengths of segments. One is the DMRS overhead could be quite high. In case of orphan symbols, the DMRS overhead could be 100%, which means basically no data is transmitted in that segment. This is not even useful for any adjacent repetitions because it has been agreed that DMRS sharing is not allowed. The other issue is that the number of symbols available for data in the segment could possibly be quite small and it might not be enough to support even TBS above certain threshold. In order to solve these issues, there could be possible three solutions. One solution is simply to drop any orphan symbols or very short length segments and not transmit anything on that. Second solution could be to utilize those symbols as part of the adjacent repetitions. This solution is basically reverse of segmentation. This solution could be possible more efficient as the resources can be used as part of adjacent repetition and relatively lower MCS could be utilized to improve the BLER and reliability. Third solution could be simply skip that segment and already start the transmission of next nominal repetition. This solution can be applied only when the short segment is the second half due to segmentation. Main benefit of this solution that the latency is better or at least the same as desired by nominal indication. Fig.1(a) shows the example scenario of simply dropping short length segments, Fig.1(b) shows the example of joining the orphan symbols to adjacent repetitions and Fig.2(c) shows the example of skipping that segment and already starting the transmission of next repetition.
Proposal 3: For Rel.16 PUSCH transmission scheme, if the resulting length of the segments (actual repetition) is very short (restriction on minimum allowed length for segment can be further discussed), then one or both of the following possibilities could be considered.
· Symbols of such short length segments are joint to the adjacent repetition and transmission of that particular segment is skipped.
· Next contiguous repetition is shifted/advanced by the same number of symbols as the length of skipped segment.
· When there is no adjacent contiguous repetition, then such orphan symbols are not transmitted.
Although we think the proposed possibilities can be beneficial to improve the reliability, to have a simple solution within limited time, simple handling such as orphan symbols are not transmitted can also be considered as compromised way.


(a) Example of dropping a segment with length of one symbol


(b) Example of adding the symbols of short segment to the adjacent contiguous repetition


(c) Example of shifting/preponing the next adjacent contiguous repetition
Fig.1 Handling of orphan symbols and short length of actual PUSCH repetitions

TBS determination for actual PUSCH repetitions
For TBS determination, a number of possibilities are under consideration that includes considering:
· Nominal length of single repetition (first repetition)
· Actual length of shortest allowed segment
· Actual length of the longest segment
· Combined length of all the repetitions
In our understanding, utilizing the actual length of the shortest allowed segment should not be considered as it might result in relatively high MCS for a given TBS which would have a very poor decoding performance. Other possibility of utilizing the actual length of the longest allowed segment might have quite similar performance as the possibility when nominal length is utilized for TBS determination. It is not expected to provide any additional benefit. Therefore, utilizing the actual length of the longest segment should also not be considered further for TBS determination.
Proposal 4: For Rel.16 PUSCH transmission scheme, TBS determination should not be based only on the lengths of segments created due to segmentation.

In our understanding, if low coding rate is required for each repetition, where each repetition has same RV, then TBS determination should be based on the nominal length of single repetition and in order to support higher coding rate, where each repetition with different RVs, TBS should be determined combined length of all repetitions.
Observation 1: For Rel.16 PUSCH transmission scheme, TBS determination based on nominal length of single repetition is needed for low coding rate and TBS determination for combined length of all needed for supporting relatively higher coding rate.
Proposal 5: For Rel.16 PUSCH transmission scheme, two TBS determination method could be supported.
· TBS determination based on nominal length of single repetition
· TBS determination based on combined length of all repetitions

DMRS symbols for actual PUSCH repetitions
2-symbol length DMRS related issues
For PUSCH repetition mechanism with segmentation, gNB will signal the nominal number of repetitions with equal length for PUSCH transmission and the same DMRS configuration is applied in terms of actual number of front-loaded symbols, number of additional DMRS symbols and associated port number. However, since segmentation can be applied to these nominal PUSCH repetitions, then the DMRS related configuration signaled by gNB may or may not apply. As a result of this segmentation, it could be possible that the length of actual repetitions and/or segments is shorter than the signaled length because currently 2-symbol length front-leaded DMRS can be transmitted with PUSCH mapping type B only when the length of transmissions is at least 5 symbols. As a result, some of the DMRS related configuration signaled by gNB may not be applicable anymore and following scenarios can happen.
· If -2symbol front-loaded DMRS was signalled for nominal PUSCH repetitions based on the nominal length, but the actual length for a given PUSCH repetition is now smaller than the minimum required length for 2-symbol front-loaded DMRS configuration, then it is not possible to transmit 2-symbol length DMRS for such segments (“nominal repetitions”), as shown in Fig.2. In Fig.2, the actual length of 3rd repetition is less than 5 symbols, for which 2-symbol length DMRS is not allowed to be transmitted. As a result, following issue arises.
· Whether or how to handle the different length of front-loaded DMRS symbol across repetitions and/or segments?
· One simple solution could be simply not support 2-symbol length transmission when PUSCH repetition are scheduled and multi-segmentation is supported. However, it is beneficial to support 2-symbol length DMRS, even for rank 1 transmission as it has higher DMRS density and provide better channel estimation performance. In addition, it has additional benefit for configured grant to improve the mis-detection performance.


Fig.2 Example of 2-symbol length DMRS for Rel.16 PUSCH transmission scheme with different “actual” length of repetitions due to segmentation for PUSCH mapping type B
Observation 2: For PUSCH repetition mechanism with segmentation, when 2-symbol length front-loaded DMRS is signalled based on the nominal length of transmission, but if segmentation happens at the UE, then the “actual” length of segments/repetitions might not be sufficient to transmit 2-symbol length DMRS.

One possible solution could be to align the length of front-loaded DMRS by comparing the lengths of each repetition and assigning 2-symbol length DMRS only when the minimum length requirement for the configuration is possible across all actual repetitions, otherwise, 1-symbol length DMRS is transmitted across all repetitions, as shown in Fig.3 below. Fig.3(a), all the repetitions lengths are at least 5 symbols long, therefore, 2-symbol length front-loaded DMRS is transmitted on each repetition. On the other hand, in Fig.3(b), since the lengths of 3rd and 4th repetition are only 3 and 5 symbols long, respectively, therefore, gNB indicates 1-symbol length front-loaded DMRS.


(a) Example of DMRS length alignment when all repetitions support 2-symbol length DMRS


(b) Example of DMRS length alignment when all repetitions cannot support 2-symbol length DMRS
Proposal 6: For Rel.16 PUSCH transmission scheme, 2-symbol length DMRS should be indicated to the UE only when the lengths of each repetition can support transmission of 2-symbol length DMRS, otherwise, gNB only indicates 1-symbol length DMRS for all repetitions.
· UE is not expected to transmit different length of front-loaded DMRS across repetitions.

Additional DMRS symbols related issues
Another case is related to additional DMRS symbols when segmentation occurs. Basically, there are two issues related to this. The first issue is how to generally handle additional DMRS. In our understanding, after the segmentation is done, then the actual number of additional DMRS is determined, if they can be supported or not based on the existing specifications. Then, the other issue is specifically related to 2-symbol length DMRS. In this case, it is not yet discussed what would happen if there is a 2-symbol length additional DMRS scheduled for the nominal repetition length and the segmentation needs to be done exactly between the 2-symbol additional DMRS, meaning that the first part of that repetition can contain only one symbol of the 2-symbol DMRS. It needs to be discussed how to handle these issues.
Observation 3: It is unclear on how to handle the DMRS transmission, when segmentation happens in the middle of a 2-symbol length DMRS, where each symbol of that DMRS will split into two different segments.

Conclusion
In this contribution, we discussed enhancement for PUSCH transmission in Rel.16 URLLC and made following observations and proposals.
Proposal 1: For Rel.16 PUSCH transmission scheme, for DG PUSCH, if dynamic SF is configured, behaviour not dependent on dynamic SFI is supported.
Proposal 2: For Rel.16 PUSCH transmission scheme, dynamic indication in UL grant to indicate invalid flexible/UL symbols that are not available for transmission for the indicated UE is supported. The dynamic indication of invalid flexible/UL symbols can be the enhancement of the TDRA table to indicate at least one additional SLIV.

Proposal 3: For Rel.16 PUSCH transmission scheme, if the resulting length of the segments (actual repetition) is very short (restriction on minimum allowed length for segment can be further discussed), then one or both of the following possibilities could be considered.
· Symbols of such short length segments are joint to the adjacent repetition and transmission of that particular segment is skipped.
· Next contiguous repetition is shifted/advanced by the same number of symbols as the length of skipped segment.
· When there is no adjacent contiguous repetition, then such orphan symbols are not transmitted.

Proposal 4: For Rel.16 PUSCH transmission scheme, TBS determination should not be based only on the lengths of segments created due to segmentation.
Observation 1: For Rel.16 PUSCH transmission scheme, TBS determination based on nominal length of single repetition is needed for low coding rate and TBS determination for combined length of all needed for supporting relatively higher coding rate.
Proposal 5: For Rel.16 PUSCH transmission scheme, two TBS determination method could be supported.
· TBS determination based on nominal length of single repetition
· TBS determination based on combined length of all repetitions

Observation 2: For PUSCH repetition mechanism with segmentation, when 2-symbol length front-loaded DMRS is signalled based on the nominal length of transmission, but if segmentation happens at the UE, then the “actual” length of segments/repetitions might not be sufficient to transmit 2-symbol length DMRS.
Proposal 6: For Rel.16 PUSCH transmission scheme, 2-symbol length DMRS should be indicated to the UE only when the lengths of each repetition can support transmission of 2-symbol length DMRS, otherwise, gNB only indicates 1-symbol length DMRS for all repetitions.
· UE is not expected to transmit different length of front-loaded DMRS across repetitions.
Observation 3: It is unclear on how to handle the DMRS transmission, when segmentation happens in the middle of a 2-symbol length DMRS, where each symbol of that DMRS will split into two different segments.
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Appendix:	Previous agreements
RAN1#94bis
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
RAN1#95
Agreement:
· Support at least one of the following for one TB.
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
· N (N >= 2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i - 1)-th UL grant.
· FFS: The definition of available slots
RAN1 AH1901
Agreement:
· At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot-based repetitions”), if supported, it further consists of
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first 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
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the number of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping.
· FFS: Other frequency hopping schemes
· FFS: Number of hops larger than 2
· FFS: Dynamic indication of the number of repetitions
· FFS: DMRS sharing
· FFS: TBS determination (e.g., based on the whole duration, or based on the first repetition)
Agreement:
· At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions.
· FFS: Multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS: Details of SLIV, including the possibility of modifying SLIV to support the cases with S + L > 14.
· FFS: The interaction with the procedure of UL / DL direction determination
· For the transmission within one slot
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE)
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (if more than one UL period is used, this would override the previous definition of this option)
· Each repetition occupies contiguous symbols.
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel.15 behavior.
· Frequency hopping
· Support at least inter-slot frequency hopping.
· FFS: Other frequency hopping schemes
· FFS: TBS determination (e.g., based on the whole duration, or based on the first repetition, overhead assumption)
Agreement:
· Down select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96.
· FFS: The option of using separate grants to schedule PUSCH repetitions in consecutive available slots.
Agreement:
· Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH.
· Details of the time domain resource determination, including the interaction with the DL / UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g., for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation / analysis (including latency, reliability, etc.), complexity, overhead, etc.
RAN1#96
Agreement:
· Capture the descriptions of Option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
· Option 1: One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first 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 details interaction with the procedure of UL / DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the number of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping.
· FFS: Other frequency hopping schemes
· FFS: Number of hops larger than 2
· FFS: Dynamic indications of the number of repetitions
· FFS: DMRS sharing
· FFS: TBS determination (e.g., based on the whole duration, or based on the first repetition)
· Option 2: One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions.
· FFS: Multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS: Details of SLIV, including the possibility of modifying SLIV to support the cases with S + L > 14
· FFS: The interaction with the procedure of UL / DL direction determination
· For the transmission within one slot
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE)
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (if more than one UL period is used, this would override the previous definition of this option).
· Each repetition occupies contiguous symbols.
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel.15 behavior.
· Frequency hopping
· Support at least inter-slot frequency hopping
· FFS: Other frequency hopping scheme
· FFS: TBS determination (e.g., based on the whole duration, or based on the first repetition, overhead assumption)
· Option 3: N (N >= 2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)-th UL grant.
· Option 4: One or more actual PUSCH repetitions on 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 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 signaled for dynamic PUSCH and Type 2 configured grant PUSCH
· The 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 / DL 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.
· Option 5: One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is support 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 or smaller than the nominal number.
· FFS: Dynamically or semi-statically signaled for dynamic PUSCH and Type 2 configured grant PUSCH
· The TDRA and the number of repetitions K are used to determine the overall resources for all the repetitions (L * K).
· If the overall resources go across the slot boundary or DL / UL switching point, one repetition is transmitted in each UL period in a slot.
· Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA.
· The TDRA is indicated in the DCI for dynamic grant or Type 2 configured grant, or RRC configured for Type 1 configured grant.
· No DMRS sharing across multiple PUSCH repetitions
· No special handling of orphan symbols
· The maximum TB size is not increased compared to Rel.15.
· L <= 14
· S + L can be larger than 14.
· Note: Different repetitions may have the same or different RV.
· Option 6: One or more PUSCH repetitions in one slot, or two or more 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 TDRA field in DCI or the TDRA parameter in the Type 1 configured grant indicates an entry in the higher layer configured table.
· The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
· More than one repetition can be mapped to one slot.
· The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot.
· FFS: Increasing the number of bits for TDRA field in DCI
· FFS: Other details
· The maximum TBS size is not increased compared to Rel.15.
Conclusion:
· Finalize the details regarding how to use “Option 1” vs. “Option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.
RAN1#96bis
Agreement:
· Option 5 is not considered further as part of PUSCH enhancements.
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
Agreement:
· For Option 6
· For dynamic PUSCH
· For semi-static DL symbol(s), to down select
· Option 1: It is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: If the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via Format 2-0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: This is the same as Rel.15 behavior.
· For configured grant PUSCH
· For Type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the Type 2 configured grant activation
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted.
· FFS if a repetition conflicts with dynamically indicated DL symbol(s) (via Format 2-0), the repetition is not transmitted.
· FFS: For the first PUSCH (including all repetitions) associated with the Type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreement:
· For Option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreement:
· For both Option 4 and 6, frequency hopping is supported.
· FFS: Details
RAN1#97
Agreement:
· 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
RAN1#98
Agreement:
· 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:
· In terms of how to handle the interaction of enhanced PUSCH with DL / UL direction, consider the following options.
· For dynamic grant 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 symbols 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: Predefined 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 symbols.
· 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 configured grant PUSCH other than the first Type 2 configured grant 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 1-2: Semi-static DL / flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL / flexible symbols.
· Option 1-4: Predefined 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: _Hlk23427373]Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL / flexible symbols.
· [bookmark: _Hlk23427384]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 configured grant PUSCH (including all the repetitions) activated by an UL grant
· Alt.1: Same behavior as dynamic grant PUSCH
· Alt.2: Same behavior as configured grant 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 bullet above.
· FFS: The handling of conflict with SSB / PRACH symbols, the handling of conflict with semi-statically configured DL repetition, etc.
· Other options are not precluded.
[bookmark: _GoBack]RAN1#98bis
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 ether semi-statically configured (as in Rel.15) or dynamically indicated (as agreed for Rel.16).
[bookmark: _Hlk23426203]Agreement:
· Do not support PUSCH mapping type A for Option 4.
Agreement:
· 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 dynamic grant and Type 2 configured grant).
· Rel.16 enhanced PUSCH scheme is not supported for DCI format 0-0 for dynamic grant and Type 2 configured grant.
[bookmark: _Hlk23433163]Agreement:
· 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 specification impact is expected.
[bookmark: _Hlk23433172]Agreement:
· Support dynamic indication of the number of repetitions for Rel.15 PUSCH with slot aggregation using DCI formats 0-1 and the new 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)
Agreement:
· For frequency hopping for Rel.16 PUSCH, the number of actual hopping location in frequency is 2.
Agreement:
· 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 DCI format 0-1, and introduce new RRC parameters (same as those of Rel.15) for new DCI UL format.
· FFS: Time domain hopping pattern
[bookmark: _Hlk23428752]Agreement:
· In terms of how to interpret L and K for Rel.16 PUSCH transmissions (for both dynamic grant and configured grant), 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.
[bookmark: _Hlk23426425]Agreement:
· For the interaction with DL / UL direction, if dynamic SFI is configured, Option 1-4 is not further considered for both dynamic grant and configured grant.
· Option 1-4: Predefined 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.
· For the interaction with DL / UL direction, if dynamic SFI is configured, Option 1-2 is not further considered for dynamic grant.
· Option 1-2: Semi-static DL / flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL / flexible symbols.
[bookmark: _Hlk23426431]Agreement:
· For the interaction with DL / UL direction, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for dynamic grant.
· 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.
[bookmark: _Hlk23426461]Agreement:
· For both dynamic grant and configured grant 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 dynamic and/or Type configured grant) and/or semi-statically configured invalid symbols for UL transmissions (if supported).
· FFS how to handle the conflict with dynamic DL transmission for configured grant
Agreement:
· For dynamic grant and retransmission of configured grant, 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 configured grant, introduce an RRC parameter per configured grant configuration to indicate whether UE follows the behavior for “Rel.16 PUSCH transmission scheme” or the behavior for “Rel.15 PUSCH transmission scheme”.
Agreement:
· For Type 2 configure grant, UE uses the PUSCH transmission scheme (“Rel.16 PUSCH transmission scheme” or “Rel.15 PUSCH transmission scheme”) associated with the activation DCI format.
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