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Introduction
In RAN1#98 and RAN1#98b, the following conclusion and agreements on PUSCH were achieved[1][2]:
Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG


[bookmark: OLE_LINK3]Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern

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

Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG.
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.

Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.


Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
Discussion
1.1 Interaction of enhanced PUSCH with DL/UL directions
For enhanced PUSCH, both dynamic grant and configured grant scheduling schemes can be considered. For dynamic grant PUSCH, the network should not allocate the flexible resource occupied by dynamic grant PUSCH for other purposes. In other words, dynamic scheduling has the highest priority in its occupied resources, and other indications about the allocation of flexible symbols should be overridden by dynamic scheduling.
For configured grant PUSCH which is semi-static configured by network, it’s concluded that when dynamic SFI is not configured, those semi-static flexible symbols are used for PUSCH. The process for configured grant PUSCH when dynamic SFI is configured still needs more discussions. Dynamic SFI is periodically indicated and it will not change during a certain period of time. The UL symbols indicated by dynamic SFI should be well used for enhancing the performance of PUSCH. The DL/flexible symbols indicated by dynamic SFI should be reserved in case they could be conflicted with DL transmission.
Based on the discussion in this subsection, we have the following proposals:
Proposal 1: For DG PUSCH, valid symbols should be semi-static UL and semi-static flexible symbols, no matter dynamic SFI is configured or not.
Proposal 2: For CG PUSCH, valid symbols should be semi-static UL and semi-static flexible symbols, if dynamic SFI is not configured. Valid symbols should be semi-static UL and UL indicated by dynamic SFI, if dynamic SFI is configured.
Proposal 3: 
For DG PUSCH
· Semi-static flexible symbols are used for PUSCH no matter dynamic SFI is configured or not. The UE does not expect any semi-static flexible symbol to be indicated as DL with the PUSCH transmission time window.
For CG PUSCH
· Semi-static flexible symbols are used for PUSCH and segmentation occurs only around semi-static DL symbols if dynamic SFI is not configured.
· Semi-static DL/Flexible symbols are not used for PUSCH if dynamic SFI is configured.
1.2 Handling of orphan symbols
When one PUSCH resource is segmented by slot boundary, there maybe orphan symbols. One efficient to deal with orphan symbols is to catenate with adjacent PUSCH repetition. However, there is case that no adjacent PUSCH repetition, such as, the orphan symbols from the first PUSCH repetition and the end PUSCH repetition, as shown in Figure 1. In this case, orphan symbols are better to be dropped to reduce interference.


Figure 1 Dropped or catenated segmented PUSCH 
Proposal 4: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
In addition, it is open issue how to define orphan symbols. One solution is determined by segmented PUSCH length. If segmented PUSCH length is not larger than DMRS length, then the segmented PUSCH is defined as orphan symbols. Another solution is determined by effective code rate for segmented PUSCH. If effective code rate for segmented PUSCH is larger than 1, then the segmented PUSCH is defined as orphan symbols. 
Proposal 5: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
1.3 SLIV design
It’s proposed to support L larger than 14. We don’t see the need for introducing L larger than 14 in Rel-16. Furthermore, if L >14 is agreed, more specification works should be done within the last two meetings. Therefore, we propose not to introduce L> 14 in Rel-16.
Proposal 6：It is not necessary to introduce L> 14 for PUSCH.
For supporting S+L > 14, modification of SLIV formulation is required. In the specification, 4 bits are used to indicate TDRA of a dynamic scheduling. The 4 bits will be mapped to PUSCH time domain allocation A or higher layer configured pusch-TimeDomainAllocationList in either pusch-ConfigCommon or pusch-Config. Pusch-TimeDomainResourceAllocationList is composed of at most 16 PUSCH-TimeDomainResourceAllocations. SLIV is indicated in PUSCH-TimeDomainResourceAllocation which can indicate up to 128 different values. As we know, the total number of different combinations of S and L are 105 for PUSCH mapping type B. So there are 23 states available in SLIV in PUSCH-TimeDomainResourceAllocation which are insufficient to support all the possible cases for S + L > 14. So one more bit is needed to indicate all the possible cases for different S and L values.
On the other hand, Due to the 4 bits limitation, only 16 states out of 105 can be configured by pusch-ConfigCommon or pusch-Config by RRC configuration for current S and L. So after the extension of SLIV in PUSCH-TimeDomainResourceAllocation, it can contain up to 256 states. In such case, 16 states out of 256 available states can be configured by pusch-ConfigCommon or pusch-Config by RRC for supporting all the cases of different S+L combinations, even if S+L > 14.
Proposal 7：One more bit in SLIV of PUSCH-TimeDomainResourceAllocation is enough for S+L > 14. No extra bit is needed in DCI for TDRA to support S+L > 14.
1.4 TBS determination
TBS is determined by the actual resource and modulation order, and it should be the same for each actual repetition. Regarding the TBS determination for PUSCH repetitions, the following alternatives have been proposed.
Alt1: TBS is calculated based on the nominal length of each repetition.
Alt2: TBS is calculated based on the longest repetition.
Alt3: TBS is calculated based on the total allocated resources of all repetitions.
Alt4: TBS is calculated based on the first actual repetition.
However, the actual number of symbols per repetition could be different due to slot boundary or DL/UL switching point. With Alt 1, the TBS is calculated based on the nominal length of each repetition, and the nominal length can be directly achieved from SLIV in DCI. If the TBS is to be deduced based on the longest repetition (Alt 2), the longest length need to be obtained from L of SLIV and the DL/UL switching point and slot boundary. Furthermore, missing detection of dynamic SFI may result in different deductions regarding the longest length between UE and the network. If the TBS is determined based on the total allocated resources of all the repetitions (Alt 3), the code rate for each repetition may be larger than 0.95. Such scheme for TBS determination may have critical impact on the capability of self-decoding and may induce extra latency.  If the first actual repetition is relatively shorter, the modulation order may not be optimal and the maximal TBS could be limited with Alt 4.  Based on the analysis above, Alt 1 is preferred.
Proposal 8: TBS is determined by the nominal length of each repetition.
1.5 DMRS allocation
When one repetition is segmented, then DMRS is required in multiple segmented repetition parts. And DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 9: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.

Orphan symbol can catenate with adjacent PUSCH. For catenated PUSCH, one direct solution is that DMRS resource allocation is determined by catenated PUSCH, as shown in Figure 2. However, DMRS pollution may occur when multiple configured grants overlap in time –frequency domain. So to avoid DMRS pollution, DMRS resource allocation is still determined by segmented PUSCH, as shown in Figure 3. However, DMRS overhead will increase. So it is better to be configurable that DMRS is determined by catenated PUSCH or segmented PUSCH.


Figure 2 DMRS pollution case


 Figure 3 DMRS for each segmented PUSCH
Proposal 10： The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
1.6 Frequency hopping
There are three kinds of frequency hopping which are intra-PUSCH, inter-PUSCH and inter-slot hopping.
Typically, to reduce latency in URLLC, only a few symbols per PUSCH are transmitted in small packet. If intra-PUSCH hopping is applied, DMRS overhead is doubled for two separate hops compared with non-hopping case. The benefit due to hopping may be counteracted with the additional DMRS overhead.
In Rel-15, inter-slot hopping is supported. If frequency hopping is enabled, the adjacent PUSCHs use different hopping band to transmit. Same hopping scheme of inter-PUSCH hopping should be supported for Rel-16 PUSCH enhancement transmission scheme as well. Furthermore, at slot boundary or under SFI configurations, nominal transmission could be segmented. To avoid the miss detection of SFI which results in different understanding of actual PUSCH, inter-PUSCH hopping should be based per nominal PUSCH.
Proposal 11: Inter-PUSCH hopping should be supported and the hopping should be based per nominal PUSCH.
For dynamic transmission, Frequency hopping provides frequency diversity. However, URLLC transmission is usually wide transmission band and short time duration to reduce latency. For wideband transmission, frequency hopping only provides limited frequency diversity. Therefore, simple frequency hopping is enough for dynamic transmission.
For configured grant, collision among UE in one grant free cannot be controlled by gNB and hopping is only way to resolve collision, so flexible hopping pattern can be considered to reduce collision.  For example, hopping pattern {0, 0, 1, 1} and {0, 1, 0, 0} are configured for UE1 and UE2, then collision probability is reduced from 50% to 25%.
Proposal 12: More flexible UE-specific hopping pattern is benefit for interference randomization, e.g. Hopping offset is configured per each hopping.
1.7 UCI multiplexing
In Rel-15, UCI is piggybacked if the time domain of PUCCH and PUSCH are overlapped. The resource allocated for UCI in PUSCH will be calculated based on the resource of PUSCH. In Rel-16, the actual PUSCH resource is different from the nominal resource configured by network sometimes. Two kinds of PUSCH resource are introduced which result in the ambiguity for determining which PUSCH should be multiplexed according the timeline processing condition and calculating UCI resource in multiplexing PUSCH. 
In Figure 4, there are collision between nominal PUSCH 1 and PUCCH. The nominal PUSCH 1 is split into two actual PUSCH as nominal PUSCH across the slot boundary. According to the requirement for multiplexing, the first symbol of the earliest PUCCH or PUSCH is used for the determination of multiplexing timeline conditions. Obviously, the first symbol of nominal PUSCH 1 is earlier than the first symbol of actual PUSCH 2 in Figure 4. And it is more likely to not meet the timeline condition based on the first symbol of nominal PUSCH 1 than actual PUSCH 2. PUCCH will be only multiplexed in actual PUSCH 2 if conditions satisfied in this case and it is more reasonable to determine the timeline condition based on actual PUSCH.
[image: ]
Figure 4 Collision of PUCCH and PUSCH

According the formula of modulation symbol of UCI, [image: ] where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of the PUSCH, the resource for UCI depends the TBS of PUSCH and available RE number. For Rel-16, TBS for each actual PUSCH transmission are same. As the TBS for each actual resource should be same while the available RE number for actual transmission is always not larger than the nominal transmission. Considering that effective coding rate required for UCI is relative low, a relative controllable resource of nominal resource can be applied when calculating the resource for UCI size instead of unknown resource of actual resource caused by slot boundary or DL symbol and etc.
Proposal 13: When UCI is piggybacked, the determination of collision should be based on actual PUSCH and resources for UCI in PUSCH should be based on nominal PUSCH.
1.8 Configured grant timer
In Rel-15, configured grant timer starts or restarts for each repetition. In Rel-16, there are two types of repetition: actual repetition and nominal repetition. The time resource allocation of actual repetition is impacted by SFI and slot boundary, which is not known in Mac layer. So Mac cannot start or restart configured grant timer for each actual repetition. Considering RV sequence is applied for each nominal repetition. So Configured grant timer starts or restarts for each nominal repetition.
Proposal 14: Configured grant timer starts or restarts for each nominal repetition.
1.9 Beam switching gap among repetition
[bookmark: _GoBack]For multi-TRP based URLLC enhancement, repetitions in spatial/time/frequency domains can be used to improve reliability and/or reduce latency. As agreed in previous meetings, two TDM schemes, namely inter-slot (scheme 3) and intra-slot (scheme 4) schemes are supported. Compared with SDM and FDM based approaches, simultaneously reception from multiple TRPs is not needed with TDM schemes. Therefore, TDM schemes are generally considered to be more suitable for FR2. However, a gap might be needed for the switching of receptions from TRPs with different TCI states. On the other hand, if the path loss from two TRPs are different, the gap can also be utilized for the AGC adjustment for different TRPs.
Proposal 15: A gap might be needed for the switching of receptions from different TRPs.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal 1: For DG PUSCH, valid symbols should be semi-static UL and semi-static flexible symbol no matter dynamic SFI is configured or not.
Proposal 2: For CG PUSCH, valid symbols should be semi-static UL and semi-static flexible symbol if dynamic SFI is not configured. Valid symbols should be semi-static UL and UL indicated by dynamic SFI if dynamic SFI is configured.
Proposal 3: 
For DG PUSCH
· Semi-static flexible symbols are used for PUSCH no matter dynamic SFI is configured or not. The UE does not expect any semi-static flexible symbol to be indicated as DL with the PUSCH transmission time window.
For CG PUSCH
· Semi-static flexible symbols are used for PUSCH and segmentation occurs only around semi-static DL symbols if dynamic SFI is not configured.
· Semi-static DL/Flexible symbols are not used for PUSCH if dynamic SFI is configured.
Proposal 4: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
Proposal 5: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
Proposal 6：It is not necessary to introduce L> 14.
Proposal 7：One more bit in SLIV of PUSCH-TimeDomainResourceAllocation is enough for S+L > 14. No extra bit is needed in DCI for TDRA to support S+L > 14.
Proposal 8: TBS is determined by the nominal length of each repetition.
Proposal 9: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 10： The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
Proposal 11: Inter-PUSCH hopping should be supported and the hopping should be based per nominal PUSCH.
Proposal 12: More flexible UE-specific hopping pattern is benefit for interference randomization, e.g. Hopping offset is configured per each hopping.
Proposal 13: When UCI is piggybacked, the determination of collision should be based on actual PUSCH and resources for UCI in PUSCH should be based on nominal PUSCH.
Proposal 14: Configured grant timer starts or restarts for each nominal repetition.
Proposal 15: A gap might be needed for the switching of receptions from different TRPs.
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