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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	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 1: L<=14.
Proposal 2: TBS is determined based on L according to Rel-15 mechanism. 
3	Dynamic indication of the number of repetitions 
[bookmark: _GoBack]The dynamic indication of the repetitions was agreed during RAN1#96bis – but some details are still missing as noted in the agreement above. On the dynamic indication of the repetition, the options of having a separate repetition field in the DCI as well as including the number of repetitions K as part of the TDRA table configuration has been discussed. Both are valid options but the inclusion of the repetition factor K in the TDRA table could more efficiently use the combination of repetitions K and PUSCH length L, as clearly for smaller L larger repetitions numbers may be required (e.g. K=8 with L=2 when operating with mini-slot repetition) whereas for larger L, clearly very large numbers of repetitions may not be required. This could be considered in the TDRA table configuration and could potentially save some bits in the signalling of TDRA allocation compared to the brute-force operation of having separate indication of K and SLIV of the first nominal repetition. 
Proposal 3: The nominal number of repetitions K is jointly indicated with the SLIV of the first repetition as part of the TDRA field indication. The gNB will as part of the TDRA table configuration include the repetition factor K to the TDRA table entries.  
The proposal above would then already clarify the FFS point on the exact mechanism to enable / disable the dynamic repetition indication, as this is based on higher layer configuration of the TDRA table. 
[bookmark: _Hlk16079935]The dynamic repetition indication should be supported for both the new configurable DCI format scheduling URLLC and DCI format 0_1, so that this new feature is available when either of the formats is used to schedule URLLC.
Proposal 4: The dynamic repetition indication should be supported for the new configurable DCI format scheduling URLLC PUSCH and DCI format 0_1.

4	Interaction with DL/UL direction 
Interpretation of L and K
The difference between the two alternatives for down-selection is whether the time window for transmission can be extended beyond L*K symbols or not. The difference is illustrated with an example of L=4 and K=3 in Figure 1 (note that no flexible symbols are assumed in this example, and each color represents one nominal repetition).
· Alt. 1: The time window within which valid symbols are used for transmission is L*K.
· It has a fixed mapping of a nominal repetition to the resources in time regardless of the DL/UL direction.
· Pros: (1) for CG, guaranteed DMRS alignment between UEs with different starting locations as long as the mini-slots are aligned. This is important for the performance of CG. (2) simpler resource management at the gNB, especially for configured grant.
· Cons: the number of actual symbols used for PUSCH may be less than indicated and may be less than that of Alt. 2, and higher probability of having segments with short duration.
· 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, and potentially for other symbols such as dynamic DL symbols, semi-static flexible symbols, etc.
· Pros: better control on reliability especially for CG because the number of transmitted symbols can be potentially larger than that of Alt. 1 and closer to the indicated L*K. (This is not an issue for dynamic grant (DG) because the resource allocation can be dynamically adjusted through proper values of L and K.)
· Cons: (1) for CG, it could cause DMRS mis-alignment between UEs with different starting locations even if the mini-slots are aligned. (2) the actual span depends on the exact DL/UL configurations, which could cause complication in gNB resource management especially for CG. (3) for CG, the transmission after postponing could potentially go across the periodicity boundary, but this is less an issue because it can be solved by adding the constraint that it should not go across periodicity boundary. (4) if the window is extended also for e.g. dynamic DL/flexible symbols, it would create ambiguity between gNB and UE when SFI is not received correctly.
[image: ]
Figure 1: Two alternatives - without and with transmission time window extension
For CG, DMRS detection performance is critical for URLLC, which favours Alt. 1. Of course, it comes with the disadvantage that the reliability of each CG transmission occasion could be different depending on the DL/UL configuration. For DG, there is no fundamental difference between the two alternatives. Therefore, it makes sense to choose the preferable alternative for CG, and apply it to DG as well for a unified design. In summary, Alt. 1 of no extension of the transmission time window can be adopted for both DG and CG.
Proposal 5: For the interpretation of L and K, Alt. 1 (“The time window within which valid symbols are used for transmission is L*K”) is adopted.

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.
For semi-static flexible symbols in case dynamic SFI is not configured, the option in the RAN1#98 conclusion is that these symbols can be used for PUSCH transmission. This is a reasonable approach as it follows Rel-15 principle.
It is obvious that semi-static DL symbols cannot be used for PUSCH transmission, and it appears to be the common understanding of the earlier agreements on Option 4 that the nominal repetition is segmented at least around the semi-static DL symbols.
Combining these two aspects together, we have:
Proposal 6: For both DG and CG, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.

In case dynamic SFI is configured, the 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 also have the associated drawback:
· 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 1-2 assumes all semi-static flexible symbols are not used for PUSCH, which may unnecessarily limit the symbols that can be used and affect reliability.
· 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.
· Option 1-4 pre-defines some rules to determine which flexible symbols can be used for PUSCH. It has similar drawback as option 1-1, in the sense that it puts restrictions on which flexible symbols can be used as DL or UL.
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 each option 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.
· Option 2-2 and Option 2-3 (both applicable to DG only) allow all dynamic flexible symbols to be used for PUSCH. The difference is that Option 2-2 segments around semi-static DL symbols and dynamic DL symbols, while Option 2-3 drops a repetition if it conflicts with a dynamic DL symbol. These two options are in some sense against the principle of dynamic flexible symbols in Rel-15 (considered as reserved symbols where the UE does not transmit/receive) given that now the UE determines valid symbols based on SFI. Moreover, if the gNB intends to allow the UE to use these symbols for PUSCH, a more direct approach would be to simply indicate these symbols as UL in SFI. Therefore, these two options are not considered as necessary. It should also be noted that these two options are not applicable to CG and therefore a different option would be needed for CG.
· 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 “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 e.g. Option 2-1 and 2-2.
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.

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)
On the front-loaded DM-RS operation, 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, independently of indicated type A or type B DM-RS allocation. 
Proposal 9: 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 10: In case a repetition after segmentation has a single symbol, the repetition is not transmitted.
6	Frequency hopping
In terms of the maximum number of hopping locations, from our earlier simulation results [2], additional frequency diversity is visible only for relatively narrowband allocation. This is probably not a typical case for URLLC due to the short duration, so it may not be necessary to further optimize for this case.
Proposal 11: Up to two frequency hopping locations are supported.
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 [3], 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.
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 13: RV0 starts from the first repetition. RV cycling is done across nominal repetitions, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling.
8	PUSCH mapping type 
Whether to support both PUSCH mapping type A and B has been discussed. Mapping type A and B have been defined as follows in TS 38.214.
[image: ]

We think only mapping type B needs to be supported for PUSCH enhancements due to the following:
· Mapping type A always starts from the beginning of a slot, which increases the alignment time for the URLLC PUSCH transmission. 
· Mapping type B includes a superset of S/L combinations of that for mapping type A. Not supporting type A does not reduce any flexibility. Minor enhancements to PUSCH mapping type B to support e.g. S+L>14 (as already agreed) are of course required. 
· The DMRS pattern for mapping type A was designed to be aligned with the DL DMRS pattern, in order to provide better support for cross-cell interference measurement in case of dynamic TDD. This requires the alignment across all the slots. This could be achieved through slot-based repetition as in Rel-15 but not very compatible with the concept of mini-slot based repetition or segmentation, where each repetition can have different duration and the DMRS location would vary (i.e. not aligned with DL DMRS any more). In this sense, there is no need to support mapping Type A.
Therefore, we propose:
Proposal 14: Support only PUSCH mapping type B (with the needed enhancements) for the PUSCH repetition enhancements.
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: L<=14.
Proposal 2: TBS is determined based on L according to Rel-15 mechanism. 
Proposal 3: The nominal number of repetitions K is jointly indicated with the SLIV of the first repetition as part of the TDRA field indication. The gNB will as part of the TDRA table configuration include the repetition factor K to the TDRA table entries.  
Proposal 4: The dynamic repetition indication should be supported for the new configurable DCI format scheduling URLLC PUSCH and DCI format 0_1.
Proposal 5: For the interpretation of L and K, Alt. 1 (“The time window within which valid symbols are used for transmission is L*K”) is adopted.
Proposal 6: If dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
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: 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 10: In case a repetition after segmentation has a single symbol, the repetition is not transmitted.
Proposal 11: Up to two frequency hopping locations are supported.
Proposal 12: Support inter-PUSCH-nominal-repetition and inter-slot frequency hopping.
Proposal 13: RV0 starts from the first repetition. RV cycling is done across nominal repetitions, where a repetition that fully conflicts with semi-static DL symbols is not considered in the RV cycling.
Proposal 14: Support only PUSCH mapping type B (with the needed enhancements) for the PUSCH repetition enhancements.
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Appendix: Summary of Agreements Related to 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

image1.emf
UL UL UL UL UL UL DL DL DL DL UL UL UL UL UL UL

Alt. 1 1_1 1_2 1_3 1_4 2_1 2_2 2_3 2_4 3_1 3_2 3_1 3_2

Alt. 2 1_1 1_2 1_3 1_4 2_1 2_2 2_3 2_4 3_1 3_2 3_3 3_4 transmission extended


image2.emf

